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(54) Fiber optic sensor with an optical resonator 

(57) Light from a light source (1) is fed into a reso- 
nator comprising an resonator fiber (3) and highly reflec- 
tive couplers (4, 5). Light coupled out of the resonator 
fiber (3) is detected by a light sensor (7). The resonator 
is built such that its losses depend on a physical param- 
eter to be measured. The light fed to the light source is 



switched on and off in step-like manner and the corre- 
sponding build-up or decay of the light detector signal 
is used to determine the time constant of the resonator 
and therefrom the physical parameter. It is found that, 
even when light of a comparatively broad bandwidth is 
used, accurate measurements of the time constant are 
possible. 
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Description 

[0001] The invention relates to a method for measuring at least one physical parameter using an optical resonator 
according to the preamble of claim 1 . 
5 [0002] It has been known to measure physical parameters in optical resonators. The resonators, which can e.g. be 
ring resonators or linear resonators, are provided with a means that affects their toss depending on the physical pa- 
rameter to be measured. 

[0003] US 4 887 901 discloses the application of a resonator based on an optical fiber. A mirror is placed at one end 

of the fiber and the reflectivity at this end depends on the distance between the mirror and the fiber. A periodically 
10 varying light signal is coupled into the resonator and the phase shift to the light reflected from the resonator is measured. 

The phase shift depends on the loss in the resonator and therefore on the distance between the fiber and the mirror. 

[0004] The problem to be solved in the present application lies in providing a simple and sensitive method of the 

type mentioned above for measuring a physical parameter with high sensitivity and in simple manner. 

[0005] This problem is solved by the method of claim 1. As is shown below, using a low loss resonator increases 
15 sensitivity of the device considerably. 

[0006] The loss of the resonator should not exceed 20% per round-trip. If a linear resonator with two reflectors is 

used, the reflectivity of the reflectors should be at least 90%. 

[0007] Preferably, the intensity, polarization and/or wavelength of the light fed to the resonator is changed in step- 
wise manner, e.g. by being shut on or off, and the time constant of the corresponding build-up or decay of the amount 

20 of light within the resonator is measured, e.g. by determining the power of light coupled out of the cavity. The "time 
constant" can be any quantity suited for expressing the speed of build-up or decay of the light. 
[0008] In one preferred embodiment, at least one grating reflector is arranged in the fiber, e.g. as an index or an 
absorption grating. Such grating reflectors can be integrated easily into fibers. The grating reflector can be used for 
measuring the physical parameter. For this purpose, the reflector is arranged and built in such a way that its reflectivity 

25 is affected by the physical parameter. For instance, the physical parameter could be or could affect temperature, fiber 
strain or fiber tension, all of which can affect the wave vector of the reflector. 

[0009] The method can e.g. be applied to near-field optical microscopy. Here, one end of the fiber is tapered with 
an evanescent optical field extending from it. The tip of the taper is used for scanning an object. In this case, the low- 
loss resonator arrangement provides a much higher sensitivity than the one reached in conventional near-field optical 
30 microscopy. 

[001 0] The method can also be applied for measuring electric or magnetic fields. For this purpose, the fiber is exposed 
to the field, which changes the loss in the fiber via the electro-optic or magneto-optic effect by field induced absorption 
or refractive index changes. 

[001 1] Further preferred embodiments of the invention as well as applications are described in the dependent claims 
35 as well as the following description. This description makes references to the enclosed drawings, which show: 

Fig. 1 the basic set-up a resonator operated in transmission, 
Fig. 2 ring-up and ring-down effects in the resonator, 

Fig. 3 a resonator fiber with flattened surface for strong outreaching evanescent fields, 
40 Fig. 4 a resonator fiber with grating reflectors, 

Fig. 5 a resonator fiber with mirror ends spliced to the feed fibers, 

Fig. 6 a further set-up of a resonator operated in reflection, 

Fig. 7 a resonator fiber with a taper, 

Fig. 8 a ring resonator, 
45 Fig. 9 a set-up with a pumped resonator, and 

Fig. 10 a fibre with a slanted grating reflector. 

[0012] A possible basic set-up of the invention is shown in Fig. 1 . It comprises a light source 1 , the output of which 
is coupled into a first feed fiber 2. From first fiber 2, it passes into a resonator fiber 3. Two couplers 4, 5 are arranged 
50 at the ends of resonator fiber 3. Each coupler has a reflectivity of at least 90% and a transmittivity of not more than 
10% to form a low loss resonator between them. The light emitted from second coupler 5 is fed into a second feed 
fiber 6 and led to a light detector 7. 

[0013] The set-up further comprises a driver circuit 8 for driving the light source and a signal processing unit 9 for 
processing the signal from light detector 7. The operation of these parts is described below. 
55 [0014] The optical resonator of Fig. 1 has the properties of a Fabry-Perot resonator. When light at a resonance 
frequency is fed into the resonator, light intensity within the resonator will start to build up to reach a maximum value. 
When the light source is switched off, the light intensity will start to decrease until it reaches zero. This is depicted in 
Fig. 2, where line (a) shows the input intensity and line (b) shows the output intensity in second feed fiber 6. 
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[0015] The build-up of the output intensity after a step-wise increase of input intensity is described by the formula 



I = k 



-J 0 • (l-e- c/ ^p), 



(1) 



10 



where x up is the time constant determining the speed of build-up (ring-up time). Similarly, decay after a step-wise 
decrease of input intensity is described by 



/ = k • l 0 ■ e 



-t/x 



down 



(2) 



where T down is the time constant determining the speed of the decay (ring-down time). Ring-up and ring-down times 
15 are equal and therefore plainly called time constant x. This time constant x depends on the cavity properties as follows 



20 



c \ln{v • 4^%] ' 
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30 



where L is the resonator length, n eff is the effective refractive index of the fiber, c the speed of light, Vthe loss factor 
and f?! and R 2 the reflectivities of couplers 4 and 5. Loss factor Vis defined as 1 - V = loss per path, implying that the 
factor is 1 if there are no losses and 0 if the resonator loss is total. (In case of more complicated cavities with more 
than two reflectors or couplers , additio nal reflectivities have to be inserted in Eq. (3)). 
[0016] The quantity 1 - V • JR^ ■ R 2 is herein called the "optical loss of the resonator". 

[0017] As can be seen by Eq. (3), the time constant x depends on the properties L, n eff , V, R^ and R 2 of the cavity. 
Hence, by determining the time constant x in signal processing unit 9, any physical parameter that affects these prop- 
erties can be measured. 

[0018] The sensitivity s = Ax/x of the time constant in respect to a variation of the parameters in Eq. (3) is given by 
the following approximation: 
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[0019] As can be seen from Eq. (4), the sensitivity to changes of /? 1p R 2 or V becomes very large if V • JR^ ■ R 2 is 
close to 1 or, equivalently, the optical loss of the resonator is close zero, e.g. below 20%. Hence, high sensitivity can 
be reached if the physical parameter to be measured affects the loss factor Vor the couplers' reflectivities R,, R 2 . If, 
for example, V = 0.999 and = R 2 = 0.999, the factor in front of the square bracket becomes 500. 
[0020] As it is known to a person skilled in the art, an optical resonator with low loss has narrow-band longitudinal 
modes. Light within the longitudinal modes can oscillate within the resonator while light at other wavelengths (free 
spectral range) is rejected by the resonator. If R, = R 2 = 90%, n eff = 1.47 and L = 2 cm or 2 m, the bandwidth of the 
longitudinal modes is 171 or 1.7 MHz, while the free spectral range is 5.1 GHz or 51 MHz, respectively. 
[0021] For optimum use of energy, the bandwidth of light source 1 should be smaller than the bandwidth of the 
longitudinal modes, which, however, requires active locking techniques. If no locking is used, the bandwidth of the light 
source should preferably be several times larger than the free spectral range in order to excite several (e.g. more than 
three) longitudinal modes, thereby making the signal less sensitive to frequency fluctuations of the light source or 
longitudinal modes. 

[0022] In a preferred embodiment, the bandwidth of the light source is not more than 7000 GHz, since this is the 
maximum bandwidth that can be handled by chirped grating reflectors. Preferably, the light source is therefore a laser 
or a narrow bandwith LED, but it can also be a regular LED, in particular when no grating reflectors are used. 
[0023] As can be seen from Eq. (4), increasing the reflectivities R f of the couplers 4, 5 leads to an increase in sen- 
sitivity. At the same time, however, the ratio between the bandwidth of the longitudinal modes and the free spectral 
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range is decreased. When using a light source with a bandwidth in the order of or larger than the free spectral range, 
this leads to a decrease of the fraction of light that can be coupled into the resonator and therefore of the available 
light intensity at light detector 7. However, surprisingly it has been found that the increase in sensitivity more than 
compensates for the adverse effects of a decrease of light intensity at the detector. Hence, high reflectivity couplers 
5 are found to be advantageous even if the bandwidth of the light source is broad enough to excite more than one 
longitudinal mode of the resonator. 

[0024] In the following, some examples of possible measurements are provided: 

[0025] The loss factor Vis primarily dependent on absorption and scattering losses within the resonator fiber 3 or at 
the couplers 4, 5. The physical parameter to be measured can therefore be the absorption and/or scattering of a 
10 substance adjacent to said fiber in an outreaching evanescent field of the light. For best sensitivity, resonator fiber 3 
should be designed such that it has a strong outreaching evanescent field. This can e.g. be achieved with a fiber as 
shown in Fig. 3. 

[0026] The fiber of Fig. 3 has a high index core 10 and a low index mantle 11 with circular or elliptic cross-section 
except for a flattened surface section 12 approaching core 10. Surface section 12 is used for receiving the substance, 
15 the absorption or scattering of which is to be measured. As this surface section is close to core 1 0, a strong evanescent 
optical field extends into the substance. 

[0027] It must be noted that, for high sensitivity, the resonator fiber will usually be longer than depicted in Fig. 3. 
[0028] An absorption or scattering measurement allows, for example, to determine the presence and concentration 
of a substance, in either quantitative or qualitative manner. While absorption is usually due to an intrinsic absorption 
20 of the substance, scattering can e.g. be caused by Raman, Brioullin or Rayleigh effects. 

[0029] One possible application is the monitoring of a chemical agent that changes its optical properties and in 
particular its absorption depending on the physical parameter to be measured. Such a agent can e.g. be a pH-sensitive 
or temperature sensitive chemical coated to surface section 12 of the fiber of Fig. 3. 

[0030] V also depends on other losses that the light in the fiber is subjected to. For example, if the resonator fiber 
25 is subjected to sufficiently strong electric or magnetic fields, is refractive index, optical activity or absorption can change 
due to electro-optic or magneto-optic effects. In a preferred embodiment, an asymmetric fiber is used where the light 
propagation depends on the polarization of the light. In such a fiber, field induced birefringence or optical activity will 
couple light out of a mode, thereby decreasing the value of V. This effect can e.g. be used for measuring electric or 
magnetic fields. 

30 [0031] Losses can also be affected by temperature changes, fiber strain, fiber tension and/or fiber deformation (bend, 

twist, deformation of cross-section). Therefore, such parameters can be measured by the present invention as well. 

[0032] Furthermore, V decreases upon fiber degradation, e.g. caused by electric fields, radiation or chemical attack. 

By measuring the decrease of V, an exposition of the fiber to such conditions can be detected. 

[0033] The loss factor Vcan also be affected by a slanted scattering grating reflector 22 arranged in the fibre between 
35 the reflectors as shown in Fig. 10. This type of reflector can scatter some of the light out of the fibre. If the reflectivity 

of the scattering grating is dependent on the physical parameter to be measured (e.g. because the physical parameter 

affects the grating spacing via a temperature change of the fibre) the optical loss of the resonator becomes dependent 

on the parameter and can therefore be measured. 

[0034] The physical parameter to be measured can also affect the couplers, either by changing their absorption or 
40 scattering (see above), or by changing their reflectivity. 

[0035] Basically, the reflectivity R t of one or both of the couplers 4, 5 can be changed by most of the effects mentioned 
above, such as pressure, strain, temperature or electric fields. 

[0036] Fig. 4 shows an embodiment of the invention where grating reflectors 15, e.g. Bragg reflectors, written into 
the fiber are used as couplers 4, 5. Using grating reflectors obviates the need for cutting the fiber. Typical maximum 

45 reflectivities for grating reflectors are around R = 0.999. They have very narrow bandwidth, typically 1 .5 nm, and their 
wavelength of maximum reflectivity depends strongly on temperature, pressure or strain changes or other effects af- 
fecting the grating spacing or refractive index. Exposing at least one of the grating reflectors 15 to a change in tem- 
perature, to electric fields or to mechanical stress makes it possible to measure the corresponding physical parameter. 
[0037] Also, other type of grating reflectors can be used, e.g. with chirped gratings for extended bandwidth. 

so [0038] Instead of grating reflectors, mirrors based on dielectric or metallic coatings can be used. Metallic coatings 
usually have reflectivities R around 0.95, showing only small variation at different wavelengths. High reflectivity die- 
lectric coatings can have reflectivities around 0.9999 or even more, but they show this behaviour for a limited wavelength 
range only, e.g. 50 nm. After applying such coatings, the resonator fiber 3 can e.g. be spliced with the feed fibers 2 
and 6. A corresponding set-up is shown in Fig. 5, where the resonator fiber is spliced to the feed fibers 2 and 6, wherein 

55 the couplers 4, 5 are formed by the spliced sections of the fibers. 

[0039] In the embodiment of Fig. 1, the resonator was operated in transmission. An alternative is shown in Fig. 6, 
where the resonator is operated in reflection. Here, the light from feed fiber 2 is fed to a beam splitter 18, and from 
there through coupler 4 into a first end of resonator fiber 3. The second end of resonator fiber 3 is provided with an 
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reflector 5' having a reflectivity of at least 90%. Light coming back through coupler 4 is led to beam splitter 1 8 and from 
there through feed fiber 6 to light detector 7. 

[0040] The embodiment of Fig. 6 can be used in all the applications cited above. It has, however, the advantage that 

reflector 5' is well accessible and can be affected by the parameter to be measured. 
5 [0041] In a preferred embodiment, reflector 5' is formed by a tapered end of resonator fiber 3, such as it is shown in 

Fig. 7. Such tapers behave as reflectors if the diameter of the waist or tip is smaller than the wavelength of the light. 

Tapers can provide total internal reflection, and they generate an outreaching evanescent near field at the tip. This 

field can be used for measuring purposes. If an object is brought into the field, part of the light leaks from the fiber 

because it is scattered or absorbed by the test material, thus altering the loss of the resonator. This e.g. allows to 
10 determine a distance between the end of the fiber and the object and can be applied in scanning microscopy. 

[0042] In some configurations, light may leak out from the taper. In this case, the taper can optionally be coated 

partially or completely with a reflecting coating. 

[0043] In yet another embodiment, the resonator fiber can form a ring resonator, such as it is shown in Fig. 8, wherein 
resonator fiber 3 forms a ring. Such a ring resonator can again be operated either in transmission or reflection. When 
15 operated in transmission, light from feed fiber 2 is coupled through coupler 4 into resonator fiber 3. From there, it is 
coupled through coupler 5 into feed fiber 6. When operated in reflection, coupler 4 is operated bidirectionally and output 
feed fiber 6 is attached to coupler 4, while coupler 5 can be dispensed with. 
[0044] Again, for high sensitivity, the optical loss of the resonator should be below 20%. 

[0045] In the embodiments of Figs. 1 and 6, the light intensity was modulated by directly controlling light source 1 
20 using driver circuit 8. Alternatively, light source 1 can be operated with constant average power, while modulation of 
light intensity takes place between light source 1 and resonator fiber 3, e.g. in a light modulator. For instance, the 
transmittivity of input coupler 4 can be modulated, e.g. using electro-optic or acousto-optic effects. In both these em- 
bodiments, the coupling efficiency of coupler 4 is modulated for modulating the light intensity and/or loss within the 
resonator. 

25 [0046] Light source 1 can either be cw or pulsed. When using a pulsed light source with a pulse length much shorter 
than the roundtrip-time in the resonator, achieving high intensities within the resonator is difficult. In this case, modu- 
lating the reflectivity of coupler 4 is advantageous. For coupling a pulse into the resonator, input coupler 4 is switched 
to a first state with low reflectivity and high transmission (e.g. > 50%). Once the pulse is in the resonator, coupler 4 is 
switched to a second state with high reflectivity (preferably > 90%) and low transmission, and the decay of the pulse 

30 within the cavity can be analyzed by light detector 7 and processing unit 9. 

[0047] In the embodiments shown so far, the time constant was measured after a step-wise change of light intensity 
or for the decay of a light pulse. Alternatively, the time constant can also be measured after a step-wise change of light 
polarization or wavelength. 

[0048] By changing the polarization of the light being fed to the fiber and by using a resonator fiber 3 and/or a coupler 
35 4 that are polarization dependent, the intensity of the light within the resonator can be changed. Again, build-up and 
decay processes as shown in Fig. 2 can be observed. 

[0049] Another way to extract the same information from the resonator is to change the wavelength of the light quickly. 
If the light source is narrow enough to excite one longitudinal mode of the resonator only, switching the wavelength 
between a longitudinal mode and free spectral range leads to a build-up and decay as shown in Fig. 2. Similarly, 

40 keeping the wavelength constant and changing the effective length n eff Z_ of the cavity also allows to switch between 
a resonant longitudinal mode and free spectral range because the resonance frequency of the resonator is changed. 
[0050] Quick wavelength switching can be used for enhanced detection sensitivity. If for example a linear fiber res- 
onator is measured in reflection such as shown in Fig. 6, and a light signal of wavelength ^ is used to excite the 
resonator, and the wavelength is abruptly switched to A^, a beating, exponentially decaying heterodyne signal due to 

45 interference can be detected at light detector 7. 

[0051] Similar heterodyne detection can easily be made with a linear fiber resonator in transmission mode as shown 
in Fig. 1 if input coupler 4 and output coupler 5 are wavelength selective, e.g. gratings, having their maximum reflec- 
tivities at wavelength \, and much lower reflectivity at wavelength X 2 . When the wavelength is switched between 
and A^, a beating exponentially decaying heterodyne signal due to an interference between light of the two wavelengths 

so can be detected at the light detector 7. 

[0052] A further embodiment of the invention is shown in Fig. 9. Here, resonator fiber 3 has been doped with an 
active, light emitting medium that can be stimulated using a pump (e.g. a pump light source) 20. 
[0053] The embodiment of Fig. 9 can either be operated in amplifier mode or in lasing mode. If used in amplifier 
mode, light from light source 1 is coupled through feed fiber 2 and coupler 4 into resonator fiber 3, where it is amplified 

55 by stimulated emission of light from the active medium. In this case, loss factor V in Eqs. (3) and (4) can be replaced 
by V G, wherein G is the gain of the medium, G > 1 , which leads to an increase in sensitivity. If gain G is high enough, 
spontaneous lasing action takes place. In that case, external light source 1 is not required anymore. If pump 20 is 
switched on or off abruptly, a signal build-up or decay as shown in Fig. 2 can be observed and the time constant t of 
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the resonator can be measured similar as above. The pumping of the active medium can also be sinusoidally modulated 
in which case the time constant of the resonator can be calculated from the phase shift between the pump power and 
the signal from light detector 7. Other modulation schemes can be used as well. 

[0054] In general, the invention is not limited to step-wise increase or decrease of input or pump light intensities or 
5 of coupler reflectivity. The time constant x of the resonator can generally be measured by analyzing to response of the 
resonator to other dynamic light or loss changes, e.g. using phase shift measurements or correlation techniques as 
known in the state of the art. 

[0055] A particularly preferred application of the invention is the in-vivo detection of parameters of the livinq animal 
or human body. 

10 [0056] Optical fibers are thin, flexible and chemically inactive, which makes them suitable for many biomedical ap- 
plications. Fiber optic sensors can be placed in the body, even at very delicate locations, like inside human arteries 
[0057] Biomedical sensors are used to measure a multitude of different parameters, like intravenous pressure tem- 
perature, blood or tissue oxygenation, pH, hemoglobin etc. Fiber optic sensors have also been used for gastroenter- 
ology to sense pH of gastric juices or bile-reflux. 

15 [0058] A limitation of traditional fiber optic chemical sensors is their low sensitivity. The direct absorption measure- 
ment via evanescent field provides insufficient absorption information for a detection of many interesting parameters 
and many chemicals or proteins are not possible to sense altogether. To overcome this problem, numerous indicator 
agents has been developed. An indicator agent changes its absorption or refractive index properties accordinq to 
measured parameter. 

20 [0059] The low sensitivity limitation of evanescent field sensors however applies also to an indictor based sensors 
and therefore absorbing indicator materials are normally located into a separate optrode, which is attached to an end 
of a fiber. The optrode increases both the sensors size and production costs, and ultimately makes the construction 
more fragile. 

[0060} The disclosed invention provides a solution for these problems by increasing the sensitivity of evanescent 
25 field direct absorption measurement. With high sensitivity evanescent field absorption sensors many chemical param- 
eters can be measured directly, and if an indicator material is needed, e.g. in case of a pH measurement, an indicator 
agent can be exposed directly on the fiber surface, e.g. in the form of a coating. The indicator agents are naturally 
primarily exposed to the region of the fiber where the evanescent field is let to come out, e.g. to flat surface section 12 
of the fiber of Fig. 3. In absence of optrodes the diameter of the sensor equals to the diameter of the fiber. 
30 [0061 ] Another solution the disclosed invention provides is the sensing with fiber tapers; such as they are shown in 
Fig. 7. If a taper is used as an end reflector, then an indicator agent coating with cabability to change the refractive 
index or absorption according to the measured parameter can be used. E.g. in absence of some measured chemical 
or protein the refractive index of the reagent coating is such that the taper provides a total internal reflection and the 
losses of the cavity are low. In presence of the particular chemical or protein the cavity losses are increased responsive 
35 to the concentration of the measured parameter. 

[0062] Resonator fiber 3 (as well as feed fibers 2, 6) are preferably monomode fibers. However, multimode fibers 
in particular graded index fibers, can be used as well. 

[0063] In the above examples, it has been assumed that the optical loss of the resonator is not exceeding 20% It is 
to be noted that the loss may, depending on the value of the parameter to be measured, even exceed this limit as long 
as, in normal operation, the parameter is such that the loss falls below this limit often. For instance, if the fibre is to be 
used to detect if the concentration of a chemical compound exceeds an given limit, the fibre can be built such that the 
loss stays below 20% while the concentration stays below the limit (or vice versa) - this still allows to reliably detect a 
transition of the limit. 
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Claims 



3. 



A method for measuring at least one physical parameter using an optical resonator in an optical fiber, wherein said 
physical parameter affects an optical loss of the resonator and wherein a response of the resonator to dynamic 
light or loss changes is analyzed, characterised in that the optical loss of the resonator is not exceeding 20%. 

The method of claim 1 wherein an intensity, polarization and/or wavelength of the light fed to the resonator or a 
resonance frequency of the resonator is changed in step-wise manner and wherein a time constant of a corre- 
sponding bu.ld-up or decay of the amount of light within the resonator is measured, and in particular wherein the 
amount of light is determined by monitoring the power of a fraction of light coupled out of the resonator. 

The method of one of the preceding claims wherein an intensity of light fed into the resonator is modulated by 
changing the intensity of a light source, by modulating light from a light source in a light modulator or by modulating 
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the coupling efficiency of a coupler coupling the light into the resonator. 

4. The method of one of the preceding claims, wherein said resonator is linear and has two reflectors, each reflector 
having a reflectivity exceeding 90%. 

5. The method of claim 4 wherein said physical parameter affects the reflectivity of at least one of the reflectors. 



6. The method of one of the preceding claims wherein the resonator has a plurality of longitudinal modes, and wherein 
a spectral range of said light is broad enough to excite a plurality, preferably more than three, of the longitudinal 

. 10 modes. 

7. The method of one of the preceding claims wherein light is fed to the resonator through a coupler (4) and wherein 
a coupling efficiency of the coupler (4) is modulated for modulating the light intensity within the fiber (3). 

15 8. The method of one of the preceding claims wherein the resonator is operated in transmission using a first coupler 
(4) for coupling light into the resonator and a second coupler (5) for coupling light from the resonator. 

9. The method of one of the claims 1 - 7 wherein the resonator is operated in reflection using a single coupler (4) for 
coupling light into and from the resonator. 

20 

10. The method of one of the preceding claims, wherein at least one grating reflector is arranged in the fiber, and in 
particular wherein the physical parameter affects the reflectivity of the grating reflector. 

1 1 . The method of one of the preceding claims wherein the physical parameter affects fibre temperature fiber strain 
25 fiber tension or fiber deformation. 

12. The method of one of the preceding claims wherein said fiber has a tapered end (5') with an evanescent optical 
field extending from the tapered end, and in particular wherein said tapered end (5') is approached to an object to 
be scanned and said physical parameter depends on a distance between said end and said object and/or on optical 

30 properties of said object. 

13. The method of claim 12 wherein the taper is at least partially in contact with an indicator agent having a refractive 
index or absorption that depends on the physical parameter, and, in particular wherein the refractive index is varied 
such that, depending on the physical parameter, the taper provides total internal reflection or no total internal 

35 reflection. 

14. The method of one of the preceding claims wherein physical parameter affects the optical properties, in particular 
the absorption and/or the scattering, of a substance adjacent to said fiber in an outreaching evanescent field of 
the light, and in particular wherein the fiber has a core and a mantle with circular or elliptic cross-section except 

40 for a flat surface section approaching the core for receiving the substance. 

15. The method of claim 14 wherein the substance is applied as a coating to at least part of the fiber. 

16. The method of one of the preceding claims wherein an active medium emitting light under stimulation is arranged 
in said fiber and wherein said medium is stimulated for generating light in the fiber. 

1 7. The method of one of the preceding claims wherein the physical parameter is an electric or a magnetic field influ- 
encing the loss of the resonator via electro-optic or magneto-optic effects. 

50 1 8. The method of claim 1 7 wherein light propagation in the fiber depends on the polarization of the light and wherein 
the field induces birefringence or optical activity in the fiber, and in particular wherein the fiber is non-rotational. 

19. The method of one of the preceding claims wherein the physical parameter affects scattering losses in the fiber 
and in particular wherein the physical parameter affects a scattering grating (22) in the fibre. 

20. The method of one of the preceding claims wherein the resonator fiber (3) forming the resonator is spliced to a 
feed fiber (2, 6) for feeding light to or from it. 
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21. The method of one of the preceding claims wherein the light fed to the resonator is switched between two wave- 
lengths (X v X^), preferably in step-wise manner, and wherein a beating between light of the two wavelengths is 
detected. 

22. The method of claim 21 wherein the resonator is operated in transmission and comprises two reflectors, and 
wherein the reflectivity of at least one of the reflectors is much larger at one wavelength than at the other wave- 
length. 

23. The method of one of the preceding claims wherein a light source (1) with an optical bandwidth of less than 7000 
GHz is used. 

24. The method of one of the preceding claims wherein pulses of light with a pulse width much shorter than a roundtrip- 
time of the resonator are coupled through an switched coupler into the resonator and wherein the coupler is 
switched from a first state with low reflectivity and high transmission to a second state with high reflectivity and 
low transmission, and wherein at least one light pulse is coupled into the resonator when the coupler is in its first 
state and a decay of the light pulse is analyzed when the coupler is in its second state. 

25. The method of one of the preceding claims wherein the physical parameter is a parameter of a living body, and in 
particular wherein the fiber is inserted into the living body. 

26. The method of one of the preceding claims wherein the physical parameter affects a degradation of the fibre. 
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